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Slow Dynamical Behavior in a Solid Slow Dynamics in Various Materials

turn out to be independent of microscopic
details, but are solely determined by a
small number of global parameters, such
as the dimensionality of the system and
the symmetry and range of the
interactions between the particles. This
fascinating phenomenon, universality, is

Prize in Physics 1982). In the last 25 years,
the universal properties of a variety of
critical systems have been calculated.
Many of these predictions have been
verified by computer simulations,
especially for so-called spin models.

Slow Dynamics can be understood as follows

Strike a bell, and the bell rings at its
resonance modes. Strike it harder,and
the bell rings at the same tones, only
louder. Gently strike a bell composed
of granite or sinterred metal, and it
rings normally. Strike it harder, and
surprisingly the tone drops in
frequency ever so slightly. Strike it
even harder, and the tone drops
further in frequency. The frequency
shift is a manifestation of a softening

properties of these and other
materials. However, with the
frequency shift, we observe something
extraordinary: a significant and
persistent alteration in the material
wave amplitude, dissipa-tion and
modulus, a memory of the disturbed
strain state. The amplitude and
modulus progressively return to their
original values after hundreds of
seconds, as a function of log (time).

non-linearity resulting from the elastic
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Some materials that exhibit slow dynamics

The elasticity of nearly
all materials that
display slow dynamics
depends on the
elastically soft portions
of these materials,
often composing less
than 1% of the material
volume. Itis these
same features (flat
pores, grain contacts,
cracks, etc.) that also
control access by fluids,
aging, chemical
reaction, etc.
Understanding how the
soft part of the material
behaves is the key to
understanding how the
bulk material behaves.
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Here we illustrate the slow

dynamical frequency
(modulus¥*) recovery with

time. The peaks at upper right
represent the resonance of an

eigenmode of the steel
sample. Before the large

amplitude AC excitation, the

eigenmode is at the
equilibrium resonance
frequency. Once the AC
excitation begins, the
resonance frequency
decreases. After the AC

excitation is terminated, the 0
resonance frequency creeps

progressively back to the

equilibrium state ("recovery"”).
The recovery of the inverse

dissipation and frequency are
shown in the next two plots. 15 ¢
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*the modulus is proportional to the square root of the frequency.
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CONCLUSIONS

Slow dynamics are destined to be a
sensitive probe of the micromechanics
of the system, and appear to be the
primary manifestation of a new
universality class. Our work is leading
directly to determining long-term
confidence in the safety, reliability,
and performance of the Nation's
nuclear weapons stockpile.The
benefits to stockpile stewardship, to
monitoring progressive damage in
general, and to nondestructive
evaluation for quality control cannot
be overstated. The use of slow
dynamics as a probe of nanoscale
material properties will become a new
domain of research.



